Aim: Proximal fibular osteotomy (PFO) for osteoarthritis (OA) knee is an emerging concept with good early results. This short-term study aimed to analyze the usefulness of PFO in Indian patients with OA knee with regard to pain relief and correction of deformity. Materials and methods: This study involves a surgical technique where 2 cm of proximal fibular bone is resected, and patient is permitted fullweight-bearing walking as early as possible. Subjective and objective outcome analyses done using Lysholm knee scoring sheet and radiographs, respectively. Minimum follow-up time was 6 months. Results: We had a of total of 20 knees in 18 patients, with average age of 56.1 years. The average visual analog score reduced by 6.8 points, and the average Lysholm knee score improved by an average of 34 points at the end of follow-up. The mean alpha angle correction achieved was 3.738°. The calculation of Pearson's correlation coefficient between the amount of correction of alpha angle and reduction of visual analog scale during the immediate postoperative period was −0.186. Among the 20 knees, we had four cases of weakness of extensor hallucis longus. Conclusion: Through our short-term prospective cohort study, we conclude that PFO helps in improvement of pain and function, in patients suffering from medial compartment OA knee. The effectiveness of proximal tibiofibular joint mechanism in immediate pain relief is evident in our study by subjective and objective means. A proper selection of case with regard to severity and duration of disease and patellofemoral involvement is vital in getting good results. Clinical significance: Proximal fibular osteotomy is an emerging concept in the management of OA of knee and gives the patient, more years, with native knee to walk. Keywords: Alpha angle correction after proximal fibular osteotomy, Femorotibial angle in varus knee, Knee medial compartment decompression, Proximal fibular osteotomy cohort study, Proximal fibular osteotomy in osteoarthritis knee, Proximal fibular osteotomy in varus knee, Proximal fibular osteotomy short-term study, Settlement phenomenon.
IntroductIon
Osteoarthritis (OA) knee is the most common degenerative disorder involving the knee with multifactorial cause including age, posttrauma, occupation, lack of exercise, gender, ethnicity, genetics, obesity, diet, and bone density. 1 With regard to India, it is the second most common rheumatologic problem and is the most frequent joint disease with a prevalence of 22-39%. 2 In India, women are more commonly affected. 2 In women aged more than 65, 45% of them have symptoms of OA while 70% of them show radiological signs of the disease. 2 Current management options for OA knee are physiotherapy as first line, and if it gives no symptomatic relief, patients are offered total knee arthroplasty for tricompartmental OA or high tibial osteotomy for medial compartment OA with varus deformity. The acceptance rate of total knee arthroplasty as a treatment option is less among Indian patients considering the financial burden on the economically weaker sections of the society. High tibial osteotomy is technically demanding and is associated with a complication rate ranging from 8% to 55%. 3 Proximal fibular osteotomy (PFO) as a treatment option for patients with OA knee is an emerging concept with good early results. 4 This short-term prospective cohort study aimed to analyze the usefulness of PFO in Indian patients with OA knee with regard to pain relief and correction of deformity.
MAterIAls A n d Methods
Since this study involved human subjects, we complied with Declaration of Helsinki and have obtained clearance form institutional ethical committee to carry out the study at the Department of Orthopaedics, Government Medical College, Omandurar Government Estate, Chennai. The study period was between June 1, 2018, and June 30, 2019. After a discussion with a statistician, the sample size was determined to be 20 knees. The inclusion and exclusion criteria for the study are depicted in the Table 1 .
All patients admitted to the orthopedic ward were subjected to standard preoperative investigations and anaesthetic assessment done. Preexisting medical comorbidities were brought under control making the patient fit for surgery. All patients were explained about the study, and those who volunteered and agreed to participate in the study were taken up for surgery after informed written consent.
The surgical technique involved use of either epidural or spinal anesthesia. Patient positioned supine and draped, as per the requirement of either unilateral or bilateral procedure. A skin incision of 5-6 cm placed along the long axis of fibula over the proximal third-mid-third junction of leg. Subcutaneous and deep fascia opened in line with the skin incision. Plane developed between the soleus muscle and peroneus longus muscle. Care was taken not to damage the superficial peroneal nerve, which might cross the field. The fibular bone was reached and soft tissues covering it were stripped carefully. Hohmann retractors were avoided to prevent damage to deeper neurovascular structures. Langenbeck retractors were safe to use for tissue retraction. Osteotomy level was marked with diathermy, the proximal cut planned at a level of 6-8 cm below the fibular head. Another mark on the fibular bone 2-3 cm distal to the first mark was made. Osteotomy was done using Power saw with 10 mm blade ensuring not to damage the surrounding soft tissues. A careful stripping of the soft tissue attachments on the deeper side of the resected bone was done, and the segment was removed. Hemostasis was secured before wound closure in layers. Sterile dressing was done.
In patients, for whom the surgery was done under epidural anesthesia the patient was encouraged to do full-weight-bearing walking on the same day, if tolerated. For patients who underwent the surgery using spinal anesthesia, full-weight-bearing walking was started on first postoperative day. All patients were followed up for a minimum period of 6 months. Functional scoring was done using Lysholm knee scoring sheet ( Fig. 1 ), which has an incorporated visual analog scale for pain grading.
This scoring was done preoperatively and during the 2nd postoperative day followed by another scoring done during 6th postoperative month. Patient was subjected to standing anteroposterior and lateral radiographs of both knees preoperatively. The radiograph was repeated on 2nd postoperative day. The radiographs were used to measure the alpha angle (lateral femorotibial angle) as shown in Figure 2 . The lateral angle made between the anatomical axis of femur and tibia on a standing anteroposterior radiograph was taken as the alpha angle. The alpha angle was measured from the radiographs taken during the preoperative period and immediate postoperative period. All data collected from the patient case sheet were tabulated and subjected to statistical analysis using Microsoft Excel 365.
results
We had a total of 20 knees of 18 patients of whom 12 were females and 6 were males. The average age of the study population was 56.1 years with an age range between 49 and 63. The Kellgren-Lawrence grading of the knees are shown in Table 2 . The mean surgical time for single side from incision to closure was 24.75 minutes. There were two bilateral cases, which took 40 minutes in total individually. The data of preoperative and postoperative visual analog scale and Lysholm knee score are depicted in Table 3 .
The average visual analog score was 8.9 points preoperatively, which improved to 3.0 points during the 2nd postoperative day and 2.1 points during the sixth postoperative month, which was a reduction in score by 6.8 points at the end of follow-up. The average score using the Lysholm knee scoring sheet was 53.5 points preoperatively, which improved to 78.9 points during the 2nd postoperative day and 87.5 points during the 6th postoperative month, which was an improvement in score by an average of 34 points at the end of follow-up. The patient data regarding measurement of alpha angle are depicted in Table 4 .
The mean alpha angle was 184.649° preoperatively, which changed to 180.911° postoperatively with a mean correction of 3.738°. The calculation of Pearson's correlation coefficient between the amount of correction of Alpha angle and reduction of visual analog scale during the immediate postoperative period was −0.186.
Among the twenty knees, we had four cases of weakness of extensor hallucis longus and one case of numbness over the first dorsal webspace of feet. Among these, two cases resolved in 4 months' time and two cases have improved power by 1 grade but normal power was not achieved at the end of follow-up. The patient with numbness over the first dorsal webspace had not recovered at the end of follow-up. We had no cases of superficial or deep infection in our study group. Figures 3 and 4 
dIscussIon
To appreciate the effectiveness of PFO in the management of OA, it is vital to understand the mechanism by which it works. The review of existing literature gives two mechanism by which PFO works. The first one described by Qin et al. 5 explains the mechanism by which PFO provides an immediate pain relief in patients following the surgery. This theory is built upon the concept that anatomically there are two variants of proximal tibiofibular joint depending on the obliquity of the articulating surfaces, as shown in Figure 5 . The horizontal type with relatively less movement and the oblique type with more movement in the proximal tibiofibular joint. 6 The exact mechanism is depicted in Flowchart 1. This theory has been tested and proven to be effective in a biomechanical cadaveric study by Baldini et al., where sensors were inserted into the medial compartment of cadaveric knees and compartment pressures were measured before and after PFO and concluded that this procedure decreases medial compartment pressure. 7 In our study, we could witness the actual working of this theory objectively in radiographs that showed an immediate opening of the medial joint space. Subjective evidence for the same was through improvement in visual analog score and Lysholm knee score in the immediate postoperative period.
The second theory, namely, the nonuniform settlement theory, is based on the concept that in elderly and osteoporotic proximal tibia, the intact fibula provides a support to the lateral tibial condyle, while the unsupported medial side suffers a lack of support, leading to an excess settlement of the plateau on the medial side in comparison with lateral side. 8, 9 The authors also hypothesized that the nonuniform settlement leads to a medial shift of the mechanical axis of lower limb leading to preferential degradation of joint in the medial compartment leading to varus deformity. The severity of nonuniform settlement is measured by calculation of settlement value. 9 Liu et al. in their study concluded that the higher the settlement value preoperatively, the better is the prognosis after PFO as the lateral support of fibula-soft tissue complex is removed after surgery. 10 In our study, we found that there is no strong correlation in-between the amount of alpha angle correction achieved and the reduction of pain intensity in the patient, which was evidenced by Pearson's correlation coefficient between these two variables. This was clinically evident in some of our patients, who had a good improvement of pain scores in spite of minimal correction of alpha angle in the affected knee, postoperatively. This is in accordance with the existing literature that PFO leads to redistribution of joint forces by decompression of medial compartment of tibiofemoral joint, thereby providing pain relief to the patient.
We could list the following as other advantages of this procedure: no implantation, reduced surgical cost, reduced surgical time, reduced blood loss, immediate full-weight-bearing walking, and early return to work which may also be heavy manual labor. We did not need to perform total knee arthroplasty in any of our cases for continuation of pain. Yang et al. reported that 4 out of 110 patients (3.6%) who underwent this procedure needed total knee arthroplasty at an average of 12.4 months' time. 8 High tibial osteotomy, which is very much useful in the management of medial tibiofemoral arthritis with varus deformity, is reported to have difficulty, in conversion of failed high tibial osteotomy to total knee arthroplasty. [11] [12] [13] Such a disadvantage is not yet reported in PFO. Grade I  0  Grade II  10  Grade III  8  Grade IV  2 With regard to complications, we had 4 cases of weakness of extension of great toe. In three patients, the extension of other digits was not affected. This shows that deep peroneal was not injured in these cases but we presume that the segment of fibular bone removed must have been the primary area of origin of this muscle leading to isolated weakness. Further anatomical studies are need to confirm this idea. Among these 3 patients, 2 patients had complete recovery in 4 months' time. In one patient who also had numbness of first dorsal webspace showed a minimal recovery till final follow-up. This highlights the importance of care, during soft tissue dissection and retraction along with avoidance of Hohmann's retractors to avoid injury to deep peroneal nerve.
The limitation of this study is that there is no control group for comparison and there is no randomization of study population. Also, the placebo effect of the procedure cannot be ruled out. We need long-term follow-up studies, involving large numbers of test subjects with randomization to confirm the usefulness of this procedure.
conclusIon Through our short-term prospective cohort study, we conclude that PFO helps in improvement of pain and function, in patients suffering from medial compartment OA knee, in concurrence with existing literature favoring PFO. The improvement in pain score and functional score is evident in the immediate postoperative period and also improves further till our follow-up time of 6 months. The effectiveness of proximal tibiofibular joint mechanism in immediate pain relief is evident in our study by subjective and objective means. Proximal fibular osteotomy helps in patients who do not respond well to conservative management and at the same time do not opt for total knee arthroplasty. A proper selection of case with regard to severity and duration of disease and patellofemoral involvement is vital in getting good results following PFO. More long-term prospective randomized control studies are needed to substantiate its usefulness in the management of OA knee. Note: The patient population involved 16 unilateral knees and 2 bilateral knees marked as *, F igs 4A to C: Illustrative case 2: (A) Preoperative standing anteroposterior radiograph of a patient with medial joint space narrowing; (B) 2nd postoperative day standing anteroposterior radiograph of the same patient after proximal fibular osteotomy. Though this patient has minimal medial joint opening, the patient had significant improvement in pain following procedure; (C) Lateral view of the same knee Proximal fibular osteotomy is an emerging concept in the management of grade II and grade III medial compartment OA of knee and gives the patient, more years with native knee to walk, before opting for total knee arthroplasty as the definitive procedure of management.
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